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-;l/8%/rL.Tiii^«889 fC«»6^{cS)^2tlTV^So 
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LTfflt.^. ij^^^^ 1 a ^?Sia L 1 1 f i:L. M C n tc |p] "T -5 ^ 

mm3 h <o-u^'0^ zmm.^mm.mtt ^ z. hK i:. <o . Ma^«7o*^«^?nTu^So 40 

[ 0 0 3 4 ] 

TFTTL'-l'affil OcD»^g*#:l OA<D?gS*50{|y«M{C*5V^T. ^Smx-f 
>y ^^^ffl T F T*? 3 0 A^Jgfig^nfcfB^efCti. T F T T I'-^'aS 1 0 TF 
TZH'a^l OcDSS^Tffi (TFT7'^'i'S«10i:^Mi:©^S) TSW^tlT. ?S 
S»5 0lM}cMS;RO)t*^. i!>*:<i:«>iii»|it:Sla£D^-V^;l'®i^la' ^3=fct>*{gigS 

y-x. Y u 4 ymm. \ h . \ cKKmt ^j:. t^mst-r ^rcJstxom I iS^M 1 1 a 

tj- tx T t/^ S o 
[ 0 0 3 5 ] 
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^ 1 0 icm 1 m9tm i i a ^mif ^coicta^r . a y ^ ^ h t-- \ 3 ^ ft l x ^ i 

So 

[ 0 0 3 6 ] 

^p.{c. TFTTu-fa^gioofSs^asoffiyfasffl. -r^t^-s. iam-3iii9*5j;t>*ii3 
v^Tfi. TFTT^u-rasiGcor^SMsofflijasffi. -r^t^-^JKSPsoofi^itffifcti 

[ 0 0 3 7 ] 

ftilTa. 5tfpja« 2 0 {c tt. 2 0 A <7)fS^» 5 0 ffliJ^BTfeo T. T^-^^liea. 

^SIS3a. ili^X-r>y^>^''fflTFT*?3 0CDJBfiit^^{c>ltfR]-r-SMlllc. •r:^^-^^ 

1 a£0^-v^;l/ti^l a' -^iS^gSV-X^i^l b. cfc^A-TS 

c t ±-r ^ rcib(Dm 2 mytm 2 s^^site-tin^^o ?p>{c. ^25g)tBi2 3A^j]$fiSc 
ii«@2i*^}g^^ti. ^cD?s^»5oiii{c(i. MEEmmna^ic^if ^m^sm 5 0 [H(om 

[ 0 0 3 8 ] 20 
=S:^3. H4t±. *IISScDJgfficD?gB^^gl 0 0<7)^#:«^{COV^T«tBS(D-fi«J^^-r¥ffi 

^^0T?fe-pT. T F TTb-ra« 1 0 i:*rrqis«2 oor^fctt. p^aitto->-;i'*t9 3 

{cj;'3i^ih-r^S(cT?i^ia5 0:^^ff^;^)c?txTV^§o "T^t^^. *:^S£coj^^Or«B^g« 
lOOtcfcV^T. ->-;bM93«. ^B^^aA-r§fc:i6®ffiAP^*{iLTfeP.-r. SU 
10. 2 0©®|^ti^{CfeV^TP^$*^tlfefiiJg4^T'fe-:3T. a^glO, 2 0®^^^{cSm 

[ 0 0 3 9 ] 

^mmcDBmicisi^x ii. ±izELfcjit). «^Bii5o^«if-r§-Mtos«io. 2opbT 

(0^^mmmmicltX^~V-~ 1 5*^BH«?tl. 04 fc^^-r >'-;l'«9 3£DF«3ffl!l<DMt^fc«5 30 

V^T. X-^--9--OSaB^fi(i5 0~3 0 0f@/mm^-t:-feD. A^O. X-^--9--*^m#: 
i> L < t,imMii^<D^mX^^-r ^ lj^$>rc*)<DVi^XO. 2~3<@CDX-^--9--*^#ffiL 
T 5 o 
[ 0 0 4 0 ] 

05. 06{±affifflf^{cfettSX-^ — -y--! SiDlHB^^-raTfeoT. 05 (a) . ( 
b) lim^ 1 }^.^tc 10 (D^^X 0 . 2fflcOX--?--9--3!)^#ffiLTV^§-l'^ — -✓^ (OSt). 
?SriSl 0^{C*rLT2{ffl(DX'^--9--*^#ftLTV>S) . 06 (a) . (b) It 1 M^fc 
t)cO¥±%T'3iHtDX-?--9--A^#ftLTV^§^^-iy* fKfgl0;S{c*fLT3 0 

ffl^OX•-?-■^t-7b^#ffiLTV^S) ^^tX^'tl^LTV^So 05 (a) . 06 (a) ii^T 

ifctt. 05 (b) . 06 (b) limm^mm-^^tc'i&cD^mx^'o . ^^-^ -^^n ltc 40 
1 7 <DFntmm.±icmy Lrcmm^^h. 1 5 <d Fut x ^ - ^ ^ l x ?> ^ 

[ 0 0 4 1 ] 

ail±z:LTgH?'J^ti5c:i:(c:ft;5o 05 (a) . (b) ^f^tj: ^ ic^ mm 1 i^^rc 

\) (Dw-i^x 0 . 2{a®x-? — •9--A^#SLTv^§i:v^-5cii:«. n^^m^^ &M<Dm. 

mi O^SfC^fLTl^OX-^ — -y- — *^-g-*tlTt/^S?SrS*^2j^fe»3. 5S»?<D8jS<0?S?S{C 

ttX^ — -t — :^)^-g-StlTV^^V^i:V^dCi:-r-feSo Sfc 06 (a) . (b) t)^ P> ^ m ^ 
!!)^*<fc-5{C. l^SS<0?«?ai7(C-&$n5X^-+J--15cDjgc*1?{±^JSlIl?^^. 01J^tf 50 
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* A< ig a L fc tft T' # fiE L T 1/^ 5 o 
[ 0 0 4 2 ] 

j!)'50~300{S/mm^ tStl. fSrSlj^. fefct)O¥l^T'0. 2~3iH<:OX-?- 

[ 0 0 4 3 ] 

^J^tf. - 1 5C0ffia^'S*^50{ffl/nim^ <l:t)fe^J^^<*§i:. SffiP^Ri^^X 10 

ffi?s^(cx^mrai:'q^«ti^^m*^^^-r So */c. i j^^/c o ©vt^^ssj*^ o . 2 

5©E«{i:/^^^y4^)!)^*i;. -fe^l/PA^^^H^fc^asc: i:TS^5&fa*^«b<«T-r-5o 
jififc. l,^fe/c:t»«0¥l^{BS!f*^3fij:»?^v^i:. CT^t^®7{c^-rJ;^(c. X-?--9--l 

^«i 8*^p,«*aiLTHm^«ei 9{c{aB-rsJ^-&*^feSo =t<om^. -t m ^ <d m. 

20 

[ 0 0 4 4 ] 

i:*^T*#5o ^a^^l^tcfet^Tti. ^>£rM^Sfe> fiaj^tf?^ (R) . m (G) . « (B) 

H t fe WHTfe-So 30 
[ 0 0 4 5 ] 

^^{c. *iifigco}^s©fSB^^»{i:fflv^-i.x-?--9--i 5 <Dmmic-^\.^xmm't ^ o X-?- 
x--?--9--i 5cr)it@{i. fSssMfciifA^nsfgB^iisoco/s*! (-fe -r* 

t3^a«P^PS) {c^t>-&TlS^?n. ^J^tf2~10/im®«Sfflrt*^P.^J^?tlSo 
[ 0 0 4 6 ] 

x^--th- 1 5 i: LT«. 0 8 icS^-r <fc -5 fc. ^® (cti?g!<l:'tt«fli)l i 5 0 *M^#^ tifc 
SXj^TaSCTFTTU-l'aS) 10i:±»S(^^[S]a«) 2 0{c*^LT5t^{c®^?tl 

t^tc^Saa^&fT ^lS{be^Si^l^^k^-&S c i:{c J: »3 . 2 0 tc M L T X'^- 

[ 0 0 4 7 ] 

X^--9--l ScoaffitcJi. C?iJ;ttf09{c^-rj:d{c. MM (D T ;l & ^ it ^ 
fc^ffiiaaWl 5 l^iatt2.ili:)b^T'^5o «M<7)7^7l/^-'l'S^#-^Lfc«BJQ,ii»l 5 
1 ^mi-f & t LT«. {f -> ^ > ;^ >y ^ U > ^ gij ^ ffl i/^ T S ffi 5aa ^ ^ C i:*^^ 
ifibn^o 01 1 (a) fc^-rj;'5fc. SBB^QSSl 5 1©IS: l^P.nTV> X'^--9-- 

fev^T3tiiti*<^i:§^-&*^«So — 01 1 (b) {c^-r<fc-5fi:. ^asassi 5 i so 
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<D ^ ^ IC ^ X,^ r n if ^ i> (D t ^/S: ^ . 

C 0 0 4 8 ] 

M6ii:*ffe5txfc:X--?--9--c7) — p;g:^LTV^§o m^l£m 1 2 (a) fc:^-rj:3{c. M 

^ § c i: i: t) . * o T « 3 >■ h ^ X h ^ST © - H i: ^S: S 5 „ C 

ntC^fLT. 012 (b) (C^N-r-fedfC. 01O{C^bfe<fc5:^«feX-^--9--l 5b^ 

K ^ « /J^ ^ CO i: iS: S o 
[ 0 0 4 9 ] 

s-f. 0i3coxT-'y:/swc^-r«t'5(c. iJ'y xmf)'' =i>ym(Dmu^i^ 1 0 A ±ic 
mytm I 1 a . ^1 mmmmm 1 2. ii^«f4csi a. ^ ^fvm^^ 1 a' . {Siiav-x 

nB^i b. i&mm ]^ V- >mm 1 c. Taji^y-xM^i d. ^mm v u >mm i e. 20 
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(57) ABSTRACT 

A liquid crystal device is provided in which a pair of 
substrates is opposed to each other through a seal member, 
and a liquid crystal and spacers are contained in a space 
enclosed with the pair of substrates and the seal member. 
The spacers are placed on all or part of intersection points of 
a plurality of first parallel phantom lines extending in a first 
direction and a plurality of second parallel phantom lines 
extending in a second direction different from the first 
direction with the spacers arranged separately, in aggrega- 
tion, or mixture thereof. The density of spacers is from 50 to 
300/mm^, and an average number of spacers on all the 
intersection points is from 0.2 to 3. 
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LIQUID CRYSTAL DEVICE, METHOD FOR 
MANUFACTURING THE SAME, AND 
ELECTRONIC DEVICE EQUIPPED WITH THE 

SAME 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of Invenlion 

[0002] The present invention relates to a liquid crystal 
device, a method for manufacturing the same, and an 
electronic device equipped with the liquid crystal device. 
More particularly, the invention relates to a technique of 

placing spacers between a pair of substances. 

[0003] 2. Description of Related Art 

[0004] Related art liquid crystal devices can be con- 
structed such that a lower substrate and an upper substrate 
are bonded together with a seal member in the respective 
peripheries of the substrates, and a liquid crystal layer is 
sealed between the pair of substrates. The related art also 
places spacers, such as resin balls, glass balls, or columnar 
resin members, between the pair of substrates in order to 
keep the substrate spacing evenly in the substrate surfaces. 

[0005] In general, such liquid crystal devices are manu- 
factured by the following process steps of: depositing elec- 
trodes and alignment layers on each of the lower substrate 
and the upper substrate; printing an uncured seal member on 
the periphery of, for example, the lower substrate with an 
opening serving as a liquid crystal inlet formed therein; 
spraying spacers on the surface of the substrate or the other 
substrate; and bonding the lower substrate and the upper 
substrate together through a seal member, thereby forming a 
hoUow liquid crystal cell. Then, curing the uncured seal 
member; injecting a liquid crystal into the liquid crystal cell 
through the liquid crystal inlet that is formed in the seal 
member in advance, by vacuum injection; sealing the inlet 
with a seal member; and finally, bonding an optical film, 
such as a retardation film or a polarizer, on the outer surfaces 
of the lower substrate and the upper substrate, thereby 
forming a liquid crystal device. 

[0006] For the spacer spraying step for example, a method 
can be used in which spacers are evenly sprayed on the 
substrate by spraying a spacer dispersion liquid in which 
spacers are dispersed in a prescribed solvent. On the other 
hand, for example, a technique of arranging spacers in a 
specific region in a liquid crystal cell by ink jetting (droplet 
discharge method) is disclosed in Japanese Unexamined 
Patent Application Publication No. 2001-188235. The spac- 
ers act to keep the substrate spacing evenly, whereas they 
exert a negative influence on display, for example, they 
cause light leakage and misalignment of a liquid crystal 
when arranged in a pixel region. Therefore, liquid crystal 
devices in which spacers are selectively arranged only in a 
non-pixel region in a liquid crystal cell, and a method for 
manufacturing the same is disclosed in Japanese Unexam- 
ined Patent Application Publication Nos. 54-107754 and 
2-308224. For example, Japanese Unexamined Patent 
Apphcation Publication No. 9-105946 discloses a method of 
placing spacers in a non -pixel region by ink jetting. Another 
example is a specific spacer fixed -point placement device by 
ink jetting, as disclosed in Japanese Unexamined Patent 
Apphcation Publication No. 2002-72218. 

[0007] As described above, the related art includes meth- 
ods of arranging spacers in a non-pixel region which is not 



involved directly in display. Although it is necessary to 
arrange a predetermined number of spacers or more in the 
liquid crystal cell in view of keeping the substrate spacing 
evenly, it is preferable to place a reduced or minimum 
number of spacers needed in consideration of a bad influ- 
ence on display. From the above viewpoint, the related art 
techniques give no consideration to a beneficial or the 
optimum number (density) of spacers at all. Accordingly, a 
standard of a beneficial or the optimum number (density) of 
spacers has been required to reduce uneven display due to 
uneven cell thickness (substrate spacing) in the substrate 
surface and a decrease in contrast due to light leakage owing 
to the presence of spacers and misalignment and so on, 
thereby enhancing display quality. 

[0008] It has also been required to provide a method of 
stably controlling the number of spacers by ink jetting. 
Specifically, the ink jetting only emits ink (liquid). However, 
in order to emit a dispersion liquid that contains a solid 
matter, such as a spacer, only in a fixed region, the diameter 
of the nozzle of the ink jet unit must be optimized. However, 
there has been no indicator for the most suitable nozzle 
diameter for the spacer dispersion liquid. 

SUMMARY OF THE INVENTION 

[0009] The present invention addresses the above and/or 
other circumstances, and provides a liquid crystal device 
that is superior in display quahty by providing a beneficial 
or optimized number (density) of spacers in arranging the 
spacers in fixed points in a substrate surface with a droplet 
discharge unit, such as an ink jet unit, a method for manu- 
facturing the liquid crystal device, and an electronic device 
including the liquid crystal device. 

[0010] According to a first exemplary embodiment of the 
present invention, a liquid crystal device is provided in 
which a pair of substrates is opposed to each other through 
a seal member and a hquid crystal and spacers are contained 
in a sealed space enclosed with the pair of substrates and the 
seal member. The spacers are placed on all or part of 
intersection points of a plurality of first parallel phantom 
lines extending in a first direction and a plurality of second 
parallel phantom lines extending in a second direction 
different from the first direction with the spacers arranged 
separately, in aggregation, or in a mixture thereof. The 
density of spacers is from 50 to 300/mm^ and the average 
number of spacers on all the intersection points is from 0.2 
to 3. 

[0011] According to the invention, the density of spacers 
is from 50 to 300/mm^ and the average number of spacers on 
all the intersection points of the first phantom lines and the 
second phantom lines is from 0.2 to 3. Accordingly, dete- 
rioration in display quality due to the spacers can be suffi- 
ciently reduced so that display quality can be enhanced. 

[0012] The liquid crystal device of the invention is manu- 
factured by the below-described method such that the spac- 
ers are placed on all or part of intersection points of a 
plurality of first parallel phantom lines extending in a first 
direction and a plurality of second parallel phantom lines 
extending in a second direction different from the first 
direction with the spacers arranged separately, in aggrega- 
tion, or a mixture thereof. Specifically, according to the 
method for manufacturing the liquid crystal device of the 
present invention, a spacer dispersion liquid having the 
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spacers di^rsed in a predetermined solvent is dropped on 
the substrate witb a droplet discharge unit, and each droplet 
contains a random number of spacers. The solvent is evapo- 
rated after dropping, so that the spacers are left on the 
substrate. Since the droplet dischai^e unit is used, the 
spacers are not irregularly arranged on the substrate but are 
separately arranged on the intersection points of the plurality 
of first parallel phantom lines extending in a first direction 
corresponding to an arrangement direction of nozzles of the 
droplet discharge unit and the plurality of second parallel 
phantom lines extending in the second direction correspond- 
ing to a scanning direction of the nozzles of the droplet 
discharge unit. In the invention, the reason why the spacers 
are placed on all or part of the intersection points is because 
the number of spacers contained in the droplet is random and 
relatively small, so that even when droplet was dropped, it 
may contain no spacer, finally some points may contain no 
spacer. 

[0013] The base for the above numerical range is 
described below via Examples. When the density of spacers 

becomes smaller than 50/ram^, the substrate spacing cannot 
be sufiBciently kept by the spacers, so that unevenness in cell 
thickness is increased to significantly decrease display qual> 
ity. On the other hand, when the density of spacers becomes 
larger than 300/mm^, bubbles generate in a liquid crystal a I 
low temperature, causing a failure called vacuum bubbles. 
This is because, since a liquid crystal has a higher thermal 
expansion coeflBcient than that of spacers, vacuum portions 
occur locally in the liquid crystal layer at low temperature; 
however, when there are too many spacers, the substrates 
cannot follow to curve inward, so that the vacuum portions 
remain. 

[0014] When the average number of spacers at all the 
intersection points of the first and second phantom lines is 
smaller than 0.2, points having no spacer increase exces- 
sively to cause variation in the arrangement of the spacers 
and to increase unevenness of cell thickness, so that display 
quality is significantly decreased. On the other band, when 
the number is lai^ger than three, spacer aggregates increase 
excessively to cause unevenness of cell thickness and light 
leakage, thus significantly decreasing display quality. 

[0015] The spacers may be arranged in a non -pixel region. 
Specifically, the presence of spacers in display region causes 
mis-orientation of the liquid crystal and light leakage, thus 
significantly decreasing display quality. Therefore, arrang- 
ing the spacers in a non-pixel region that is not involved 
directly in display significantly enhances display quahty. 

[0016] As described above, arranging the spacers in a 
non-pixel region enhances display quality. Furthermore, 
providing a light-shielding layer corresponding to the non- 
pixel region reduces or prevents display faOure, such as light 
leakage more reliably. 

[0017] The spacers may be colored. For example, when 
the liquid crystal device is used as a display, light sometimes 
leaks from the arranged spacers to cause white display (light 
display) during black display (dark display). However, col- 
oring the spacers, as described above, particularly using 
black colored spacers allows black display (dark display) 
reliably. 

[0018] The surfaces of the spacers may be subjected to a 
process of controlling the orientation of the liquid crystal. 



Specifically, irregular orientation of a liquid crystal some- 
times occurs in the vicinity of the surfaces of the pacers to 
decrease contrast. However, providing a device to control 
the orientation on the surfaces of the spacers allows the 
orientation of the liquid crystal also on the surfaces of the 
spacers. This reduces or prevents occurrence of light leak- 
age, and thus provides a liquid crystal device that seldom 
produces problems, such as deterioration in contrast. An 
example of the orientation control means includes a surface 
treatment that applies a long-chain alkyl group to the surface 
of the spacers witb a silane coupling agent or the like. 

[0019] The surfaces of the spacers may include a bonding 
layer to bond the spacers themselves onto the substrates. An 
example of the material for the bonding layer may include 
a thermosetting resin. The thermosetting resin is thus formed 
on the surfaces of the spacers, for example, after spacers has 
been arranged in certain positions between the substrates, 
they are subjected to heat treatment, so that the spacers can 
be stably fixed to the substrates, and thus the occurrence of 
problems such that the spacers float out of positions can be 
reduced or prevented. 

[0020] Among the three structures of the structure in 
which the spacers are colored, the structure in which the 
sm-faces of the spacers are subjected to a process of con- 
trolling the orientation of the liquid crystal, and the structure 
in which the surfaces of the spacers include a bonding layer 
for bonding the spacers themselves onto the substrate, one 
spacer may have one structure, two structure, or all of the 
three structures. 

[0021] According to a second exemplary embodiment of 
the invention, there is provided a method for manufacturing 
a liquid crystal device in which a pair of substrates is 
opposed to each other through a seal member and a Liquid 
crystal and spacers are contained in a sealed space enclosed 
with the pair of substrates and the seal member. The method 
includes: dropping a spacer dispersion liquid having the 
spacers dispersed in a predetermined solvent in certain 
positions on one of the pair of substrates with a droplet 
discharge unit; and placing the spacers by evaporating the 
solvent in droplets dropped on the substrate so as to arrange 
the spacers on all or part of the intersection points of a 
plurality of first parallel phantom lines extending in a first 
direction and a plurality of second parallel phantom lines 
extending in a second direction different from the first 
direction, with the spacers arranged separately, in aggrega- 
tion, or in mixture thereof, the density of spacers being from 
50 to 300/mm^ and the average number of spacers on all the 
intersection points being from 0.2 to 3. 

[0022] Specifically, after a spacer dispersion liquid having 
the spacers dispersed in a predetermined solvent has been 
dropped in certain positions on the substrate with a droplet 
discharge unit, the solvent in droplets is evaporated, thereby 
arranging the spacers in fixed points on the substrate. At that 
time, the density and the average number of spacers con- 
tained in one droplet are limited as described above, so that 
a liquid crystal device with high display quality can be 
provided. As described above, the first direction in which the 
first phantom lines extend corresponds to the direction of 
arrangement of the droplet discharge nozzles of the droplet 
discharge unit. The second direction in which the second 
phantom lines extend corresponds to the scanning direction 
of the droplet discharge nozzles of the droplet discharge unit. 
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[0023] The diameter of the droplet discbarge nozzles of 
the droplet discharge unit is preferably at least 10 /nn and at 
most 100 /im and, more preferably, at least 10 /on and at 
most 30 fitn, 

[0024] When the diameter of the droplet discharge nozzles 
is smaller than 10 /tan, a general spacer with a diameter of 
about 2 to 10 /mi will clog in the nozzles and a desired 
number of spacers in a droplet cannot be stably emitted. On 
the other hand, when the diameter of the nozzles is larger 
than 100 /im, the droplet does not become a perfect circle but 
a circle with a tail and adjacent droplets overlap due to 
excessive fluid volume, thus increasing probability that 
spacers are not arranged in desired positions. 

[0025] The diameter of the droplet discharge nozzles is 
preferably at least twice as large as the diameter of the 
spacers. This is because if the diameter of the nozzles is 
smaller than twice the diameter of the spacers, the spacers 
may clog the nozzles or increase the variation in the number 
of spacers arranged in fixed points. 

[0026] Also, the manufacturing method may further 
include the steps of forming a closed-frame-sbaped seal 
member in the region in the surface of one of the pair of 
substrates; dropping the liquid crystal in the region enclosed 
with the seal member on the substrate having the seal 
member; and bonding the substrate having the seal member 
and the other substrate. 

[0027] According to the manufacturing method, a liquid 
crystal, is not injected by a vacuum injection method or the 
like after the substrates have been bonded together, but the 
Liquid crystal is dropped on one of substrates before the 
substrates are bonded together and then the substrate is 
bonded to the other substrate. The use of the method allows 
not only the spacers but also the liquid crystal to receive the 
pressure during the bonding of the substrates, thus decreas- 
ing the number of spacers as compared with the conven- 
tional liquid crystal devices having an inlet. In other words, 
since the liquid crystal acts to receive part of the bonding 
pressure, the liquid crystal device with less spacers can bear 
the bonding pressure, thus keeping an even substrate spac- 
ing. 

[0028] In the step of dropping the spacer dispersion liquid 
on the substrate, the droplet may be dropped at a spacing 
larger than the diameter of the droplet dropped on the 
substrate. The principle of arranging the spacers in fixed 
points by the droplet discharge method is as foUows. After 
droplets containing spacers have been dropped in certain 
positions on a substrate, a solvent is evaporated. At that time, 
as the solvent evaporates gradually from the periphery of the 
droplets to decrease the center of each droplet, also the 
spacers gather at the center, so that the spacers are arranged 
in the center of the droplet. Accordingly, it is important that 
the droplets dropped on the substrate exist independently. 
Therefore, it is preferable to drop the droplets at a spacing 
larger than the diameter of the droplets dropped on the 
substrate. The reason is that if the droplets are connected 
together, the spacers will be positioned unstably, thus not 
necessarily being positioned at the center of each droplet. 

[0029] An electronic device according to a third exem- 
plary embodiment of the invention includes the above liquid 
crystal device. Having the liquid crystal device according to 
the invention allows an electronic device having a display 
with high display quality. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a schematic circuit diagram of switching 
elements and signal lines in a liquid crystal device according 
to an exemplary embodiment of the present invention; 

[0031] FIG, 2 is a plan view of the arrangement of a 
plurality of adjacent pixels on a TFT array substrate in the 
liquid crystal device; 

[0032] FIG. 3 is a sectional view of the arrangement of a 
non-pixel region of the liquid crystal panel; 

[0033] FIG. 4 is a schematic plan view of the outline of 
the overall layout of the liquid crystal device; 

[0034] FIGS. 5A and 5B are plan views of an example of 
a stale in which an average of 0.2 spacers exist per droplet 
in the process of arranging spacers in the liquid crystal 
device, where FIG. 5A shows a state immediately after 
dropping, and FIG. 5B shows a state after a solvent has been 
evaporated; 

[0035] FIGS. 6A and 6B are plan views of an example of 
a state in which an average of three spacers exist per droplet 
in the process of placing spacers in the liquid crystal device, 
where FIG. 6A shows a state immediately after dropping, 
and FIG. 6B shows a state after a solvent has been evapo- 
rated; 

[0036] FIG. 7 is a plan view of a state in which a spacer 
aggregate is formed in the process of placing spacers in the 
liquid crystal device; 

[0037] FIG. 8 is a schematic of the arrangement of spac- 
ers; 

[0038] FIG. 9 is a schematic of an arrangement when a 
spacer is given a surface treatment layer; 

[0039] FIG. 10 is a schematic of an arrangement when a 
spacer is colored; 

[0040] FIGS. IIA and IIB are schematics showing the 
effects of using the spacer of FIG. 9; 

[0041] FIGS. 12A and 12B are schematics showing the 
effects of using the spacer of FIG- 10; 

[0042] FIG. 13 is a flowchart of an example of a method 
for manufacturing a liquid crystal device; 

[0043] FIG- 14 is a flowchart for an exemplary modifi- 
cation of the manufacturing method; 

[0044] FIGS. 15 A and 15B are schematics of a state in 
which droplets are dropped with a spacing smaller than the 
diameter of each droplet in the process of placing spacers; 

[0045] FIG. 16 is a perspective view of the arrangement 
of a head of a droplet discharge unit used in the process of 

placing spacers; 

[0046] FIG. 17 is a cross-sectional view of the arrange- 
ment of the head of the droplet discharge imit; 

[0047] FIG- 18 is a cross-sectional view of a part of a 
nozzle hole of the head of the droplet discharge unit; and 

[0048] FIGS. 19A to 19C are perspective views of 
examples of an electronic device according to the invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0049] (Liquid Crystal Device) 

[0050] An exemplary embodimenl of the present inven- 
tion is described below with reference to the drawings. 

[0051] The following liquid crystal device is an active- 
matrix transmissive liquid crystal device that uses a thin film 
transistor (TFT) as a switching device. 

[0052] FIG. 1 is a schematic circuit diagram of switching 
elements and signal lines in a plurality of pixels, in matrix 
form, of a transmissive liquid crystal device according of the 
exemplary embodiment. 

[0053] FIG. 2 is a plan view of the arrangement of a 
significant part of a plurality of adjacent pixels on a TFT 
array substrate having data lines, scanning lines, pixel 
electrodes, and so on. 

[0054] FIG. 3 is a sectional view of the arrangement taken 
along plane A-A' in FIG. 2; and FIG. 4 is a plan view of the 
planar structure of the entire transmissive liquid crystal 
device of the exemplary embodiment. 

[0055] FIG. 3 shows a case with the upper part of the 
drawing as a light incidence side and the lower part as a 
viewing side (observer's side). Each of the drawings shows 
the layers and the components with different scales in order 
to make them more recognizable in the drawing. 

[0056] As FIG. 1 shows, in the liquid crystal device of the 
exemplary embodiment, the plurality of pixels arranged in 
matrix form each include a pixel electrode 9 and a TFT 
element 30 acting as a switching element to control energi- 
zation to the pixel electrode 9. Adata line 6a to which image 
signals are supplied is electrically connected to the source of 
the TFT element 30. Inage signals SI, S2 through Sn to be 
written to the data line 6a are sequentially supplied in this 
order or, alternatively, supplied to the adjacent data lines 6a 
for each group. 

[0057] A scanning line 3a is electrically connected to the 
gate of the TFT element 30. Scanning signals Gl, G2 
through Gm are applied to a plurality of the scanning lines 
3a with pulses in line sequence at a given timing. The pixel 
electrode 9 is electrically connected to the drain of the TFT 
element 30, wherein the TFT element 30 serving as a 
switching element is stayed on for a fixed period of time, so 
that the image signals SI, S2 through Sn that are supplied 
from the data line 6a are written at a given timing. 

[0058] The image signals SI, S2 through Sn with a pre- 
determined level, which are written to the liquid crystal 
through the pixel electrode 9, are held between it and a 
common electrode (described later) for a fixed period of 
time. Hie hquid crystal changes in the orientation and order 
of molecular association depending on the applied voltage 
level to modulate light, thereby allowing gray-scale display. 
In order to reduce or prevent leakage of the held image 
signals, a storage capacitor 70 is added in parallel with a 
liquid crystal capacitor that is formed between the pixel 
electrode 9 and the common electrode. 

[0059] Referring to FIG. 2, the planar structure of the 
essential part of the liquid crystal device of the exemplary 
embodiment is described below. As FIG. 2 shows, a plu- 
rality of the rectangular pixel electrodes 9 (the outline is 



indicated by dotted line 9A) is provided in matrix form on 
the TFT array substrate 30, the pixel electrode 9 being made 
of a transparent conductive material such as indium tin oxide 
(hereinafter, abbreviated to ITO). The data line 6a, the 
scanning line 3o, and a capacitor line 3b are disposed along 
the vertical and horizontal boundaries of the pixel electrode 
9. In this exemplary embodiment, the region including the 
pixel electrode 9, and the data line 6a, the scanning line 3a, 
and the capacitor line 3b that are arranged to surround the 
pixel electrode 9 is a pixel, so that the exemplary embodi- 
ment is allowed to display for each pixel in matrix form. 

[0060] The data line 6a constructs the TFT element 30. 
For example, the data line 6a is electrically connected to a 
source region (described below) of a semiconductor layer 
la, for example, made of a polysilicon film, through a 
contact hole 5. The pixel electrode 9 is electrically con- 
nected to a drain region (described below) of the semicon- 
ductor layer la through a contact hole 8. The scanning line 
3a is arranged to face a channel region (indicated by 
leftward diagonal lines in the drawing) of the semiconductor 
layer la. The scanning line 3a acts as a gate electrode at a 
portion opposed to the channel region. 

[0061] The capacitor line 3b includes a main line (a first 
region along the scanning line 3^, in plan view) extending 
substantiaUy linearly along the scanning line 3a and a 
projecting part (a second region extending along the data 
line 6a J in plan view) projecting from a portion crossing the 
data line 6a toward a pre-stage (upward in the drawing) 
along the data line 6a. The region indicated by a rightward 
diagonally lines in FIG. 2 includes a plurality of first 
light -shielding fiJms 11a. 

[0062] Referring next to FIG. 3, the sectional structure of 
the liquid crystal device of the exemplary embodiment is 
described below. As described above, FIG. 3 is a cross- 
sectional view taken along plane A-A* in FIG. 2, showing 
the arrangement of the region including the TFT element 30. 
The liquid crystal device of the exemplary embodiment 
includes a liquid crystal layer 50 between a TFT array 
substrate 10 and an opposed substrate 20 opposed thereto. 

[0063] The liquid crystal layer 50 is formed of a smectic 
liquid crystal that is a ferroelectric liquid crystal and has a 
high responsiveness of liquid crystal drive to voltage 
change. The TFT array substrate 10 includes a substrate 
body lOA made of a translucent material, such as quartz, and 
the TFT element 30, the scanning line 3a, the capacitor line 
3b, the data line 6a, the pixel electrode 9, and an alignment 
layer 40 which are formed on the surface of the lOA adjacent 
to the liquid crystal layer 50. The opposed substrate 20 is 
formed of a substrate body 20A made of a translucent 
material such as glass and quarts, and a common electrode 
21 and an alignment layer 60 formed on the siuface of the 
substrate body 20A adjacent to the liquid crystal layer 50. 
The substrates 10 and 20 keep a predetermined space 
therebetween through a spacer 15. FIG. 3 shows the spacer 
15 that exists separately above the data line 6a. In this 
manner, the exemplary embodiment has the spacer 15 in a 
non-pixel region. The "non-pixel region" denotes a region 
that includes wires, such as the data line 6a, the scanning 
line 3a, and the capacitor line 36 and the TFT element 30 and 
is not involved in display substantially. 

[0064] TTie TFT array substrate 10 has the pixel electrodes 
9 on the surface of the substrate body lOA adjacent to the 
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liquid crystal layer 50 and has the pixel-switching TTT 
elements 30 at positions adjacent to the pixel electrodes 9 to 
control the switching of the pixel electrodes 9. The each TFT 
element 30 has a lightly doped drain (LDD) structure and 
includes a scanning line 3a, a channel region la' of the 
semiconductor layer la in which a channel is formed by the 
electric field from the scanning line 3fl, a gate insulating film 
2 to insulate the scanning line 3a from the semiconductor 
layer la, the data line 6a, a lightly doped source region b and 
a lightly doped drain region Ic of the semiconductor layer 
la, and a heavily doped source region Id and a heavily 
doped source region le of the semiconductor layer la. 

[0065] A second layer-insulating film 4 having the contact 
hole 5 that communicates with the heavily doped source 
region Id and the contact hole 8 that communicates with the 
heavily doped source region le is formed above the sub- 
strate body lOA including the area on the scanning line 3a 
and the gate insulating film 2. In other words, the data line 
6a is electrically connected to the heavily doped source 
region Id through the contact hole 5 that passes thorough the 
second layer-insulating film 4. 

[0066] A third layer-insulating film 7 having the contact 
hole 8 that communicates with the heavily doped source 
region le is formed on the data line 6a and the second 
layer-insulating film 4,, In other words, the heavily doped 
source region le is electrically connected lo the pixel 
electrode 9 through the contact hole 8 that passes through the 
second layer-insulating film 4 and the third layer-insulating 
fihu 7. 

[0067] In this exemplary embodiment, a storage capacitor 
70 is constructed such that the gate insulating film 2 extend- 
ing from the position opposed to the scanning line 3a is used 
as a dielectric film; the semiconductor layer la is extended 
to form a first storage capacitor electrode If; and a part of the 
capacitor hne 3^ opposed thereto is used as a second storage 
capacitor electrode. 

[0068] The region that has the pixel-switching TFT ele- 
ments 30 on the surface of the substrate body lOAof the TTT 
array substrate 10 adjacent to the liquid crystal layer 50 
includes the first light-shielding film 11a to reduce or 
prevent light that passes through the TTT array substrate 10 
and is reflected by the lower surface of the TFT array 
substrate 10, viewed in the drawing, (the interface between 
the TFT array substrate 10 and air) to return to the liquid 
crystal layer 50 from entering at least the channel region la' 
of the semiconductor layer la, the lightly doped source 
regions lb and Ic. 

[0069] Also, a first layer-insulating film 12 is formed 
between the first light -shielding film 11a and the pixel - 
switching TFT element 30, to electrically insulate the semi- 
conductor layer la that forms the pixel -switching TFT 
element 30 firom the first light-shielding film 11a. As FIG. 
2 shows, in addition to the first light-shielding film 11a on 
the TFT array substrate 10, the first hght-shielding film 11a 
is electrically connected to the pre-stage or next-stage 
capacitor line 3b through a contact hole 13. 

[0070] Furthermore, an alignment layer 40 is formed on 
the outermost surface of the TFT array substrate 10 adjacent 
to the liquid crystal layer 50, that is, on the pixel electrode 
9 and the third layer-insulating film 7, to control the orien- 
tation of liquid crystal molecules in the liquid crystal layer 



50 during a no- voltage -applied state. Accordingly, in the 
region having such the TFT element 30, the outermost 
surface of the TFT array substrate 10 adjacent to the liquid 
crystal layer 50, that is, a surface that holds the liquid crystal 
layer 50 has a plurality of projections and recesses, or steps. 

[0071] On the other hand, the opposed substrate 20 has a 
second light-shielding film 23 on the surface of the substrate 
body 20A adjacent to the liquid crystal layer 50 and in the 
region facing the region having the data line 6a, the scanning 
line 3a, and the TFT element 30, that is, in the region other 
than the opening region of each pixel, to reduce or prevent 
incident light from entering the channel region la* of the 
semiconductor layer la and the lightly doped source regions 
16 and Ic of the pixel-switcliing TFT element 30. Further- 
more, the substantially whole surface of the substrate body 
20A adjacent to the liquid crystal layer 50, which has the 
second light-shielding film 23, has a common electrode 21 
made of ITO or the like, and an alignment layer 60 is formed 
on the surface adjacent to the liquid crystal layer 50, to 
control the orientation of liquid crystal molecules in the 
liquid crystal layer 50 during a no -voltage-applied state. 

[0072] FIG. 4 is a schematic plan view of an example of 
the overall layout of a liquid crystal device 100 according to 
the exemplary embodiment. TTie liquid crystal layer 50 is 
formed between the TFT array substrate 10 and the opposed 
substrate 20 such that it is sealed with a closed-ring-shaped 
seal member 93. Specifically, the seal member 93 of the 
liquid crystal device 100 according lo the exemplary 
embodiment has no inlet for a liquid crystal and has a closed 
rectangular shape in the plane of the substrates 10 and 20. 
The seal member 93 is not exposed to the outer rims of the 
substrates 10 and 20 and has a closed frame shape having no 
opening opened to the outer rims of the substrates 10 and 20. 

[0073] In the exemplary embodiment, as described above, 
the non-pixel region between the pair of sul^strates 10 and 20 
that sandwich the liquid crystal layer 50 therebetween has 
the spacers 15, and the inside of the seal member 93 of FIG. 
4 has the spacers 15 with a density of 50 to 300/mm and an 
average of 0.2 to 3 each point where the spacer 15 exists 
separately or in aggregation. 

[0074] FIGS. 5A-6B show the arrangement of the spacers 
15 in the substrate surface. FIGS. 5A and 5B show an image 
in which an average of 0.2 spacers exists per droplet, and 
FIGS. 6A and 6A show an image in which an average of 
three spacers exist per droplet. FIGS. 5A and 6A show a 
state immediately after dropping, and FIGS. 5B and 6B 
show a state after a solvent has been evaporated. A circle 17 
with shading indicates a droplet dropped on the substrate 
and a circle 15 indicates a spacer. 

[0075] As shown in the drawings, since the spacers 15 are 
arranged with a droplet discharge unit (described below), 
they are not irregularly arranged at all. They are separately 
arranged in the vicinity of the intersection points of a 
plurality of first parallel phantom hnes Kl that extends at 
least in one direction and a plurality of second parallel 
phantom lines K2 that extends in the direction perpendicular 
to the first phantom lines Kl in a non-pixel region 18 outside 
a pixel region 19. The first phantom lines Kl indicate the 
direction of the arrangement of a plurality of droplet dis- 
cbarge nozzles of the droplet discharge unit. The second 
phantom lines K2 indicate the scanning direction of the 
plurality of droplet discharge nozzles. In this exemplary 
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embodiment, the first phantom lines Kl and the second 
phantom lines K2 cross at right angles. However, the phan- 
tom lines may not necessarily cross at right angled. In other 
words, the direction of arrangement and the scanning direc- 
tion of the droplet discharge nozzles of the droplet discharge 
unit may form angles other than the right angles. 

[0076] As clearly shown in FIGS. 5A and 5B, the fact that 
an average of 0.2 spacers exist for each droplet 17 indicates 
that among any ten droplets, there are two droplets that 
contain one spacer and remaining eight droplets have no 
spacer. Also clearly shown in FIGS. 6A and 6B, the number 
of the spacers 15 contained in each droplet 17 cannot be 
controlled. For example, an average of three droplets does 
not indicate that all the droplets have three spacers 15 each. 
The pacers 15 in one droplet exist separately or in aggre- 
gation or in mixture thereof. 

[0077] In the liquid crystal device according to the exem- 
plary embodiment, since the arrangement of the spacers 15 
is enhanced or optimized to set the density from 50 to 
300/mm and to set the average nimaber of spacers 15 per 
droplet from 0.2 to 3, problems, such as light leakage and a 
decrease in contrast due to the spacers 15, can be sufficiently 
reduced, so that di^lay quality can be enhanced. 

[0078] For example, when the density of the spacers 15 
becomes lower than 50/mm^, the distance between the 
substrates cannot be suflBciently held by the spacers 15 to 
increase the unevenness in cell thickness, thereby signifi- 
cantly decreasing display quality. On the other hand, when 
the density of the spacers 15 becomes higher than 300/mm^, 
a problem called a vacuum bubble occurs at low tempera- 
ture. When the average number of pacers 15 for one droplet 
is smaller than 0.2, a droplet having no spacer 15 increases 
excessively to cause variation in the arrangement of the 
spacers 15 and thus increases the unevenness in the cell 
thickness, which significantly decreases display quality. 
Contrarily, when the average number for one droplet is 
larger than three, the spacers 15 in the form of aggregate 
increase excessively, as shown in FIG- 7, and a large spacer 
aggregate 15 A sometimes extends off the non-pixel region 
18 into the pixel region 19. This not only causes unevenness 
in cell thickness but also increases light leakage and mis- 
orientation to significantly reduce display quality. 

[0079] Although the exemplary embodiment has a struc- 
ture based on achromatic display, it may include a color filter 
layer for color display. Specifically, it is also possible to 
dispose a color filter layer having a color layer and a 
hght-shielding layer (black matrix) inside the upper sub- 
strate (opposed substrate) 20, and to form a protective layer 
in sequence to protect the color filter layer, and then to form 
the common electrode 21 on the protective layer. The 
display region has different color layers such as red (R), 
green (G), and blue (B). Therefore, the color display regions 
form respective pixels to allow color display for each pixel. 
Although the exemplary embodiment takes the active matrix 
liquid crystal device as an example, the invention may also 
be applied to, for example, a passive matrix liquid crystal 
device. 

[0080] The structure of the spacers 15 used in the liquid 
crystal device of the exemplary embodiment is described 
below. Each spacer 15 may be formed of a spherical member 
made of silicon dioxide, polyethylene, or the like. The 
diameter of the spacer 15 is set in agreement with the 



thickness (cell thickness, or substrate spacing) of the liquid 
crystal layer 50 to be sealed in the liquid crystal device, for 
example, within the range from 2 to 10 /mi. 

[0081] As FIG. 8 shows, the spacer 15 may be one having 
a thermosetting resin layer 150 thereon. In this case, the 
thermosetting resin is cured so that the spacer 15 is firmly 
secured to the lower substrate (TFT array substrate) 10 and 
the upper substrate (opposed substrate) 20. For example, in 
the process of manufacturing the liquid crystal device, after 
the spacers 15 are sprayed on a substrate (opposed substrate 
20) different from a substrate (for example, the TFF array 
substrate 10) on which liquid crystal is dropped, it is 
subjected to heat treatment so that the thermosetting resin is 
cured. Thus, the spacers 15 can be fixed to the opposed 
substrate 20. 

[0082] As FIG. 9 shows, the spacer 15 may have a surface 
treated layer 151 that is given a long-chain alkyl group 
thereon. A surface treatment with a silane coupling agent can 
be used to provide the surface treated layer 151 having the 
long-chain alkyl group. As FIG. IIA shows, the use of the 
spacer 15 having no surface treated layer 151 may cause 
mis-orientation of liquid crystal molecules in the vicinity of 
the surface of the ^acer 15, which may cause light leakage 
there. On the other hand, the use of a spacer ISa having the 
surface treated layer 151 allows liquid crystal molecules to 
be oriented in a predetermined direction (vertically in this 
exemplary embodiment) in the vicinity of the surface of the 
spacer ISa, thus causing less light leakage there. 

[0083] The spacer may be colored. A spacer 156 in FIG. 
10 is an example of a black colored spacer. For example, as 
FIG. 12A shows, the use of the imcolored spacer 15 will 
generate luminous dot display corresponding to the spacer 
during black display (dark display), which may sometimes 
cause a decrease in contrast. On the other hand, as FIG. 12B 
shows, the use of the colored spacer 15b of FIG. 10 
generates no luminous dot display corresponding to the 
spacer during black display (dark display). During white 
display (light display), dark dot display corresponding to the 
spacer may occur. However, the effect on a decrease in 
contrast is lower than that of the generation of luminous dot 
display during black display (dark display). 

[0084] (Method for Manufacturing Liquid Crystal Dis- 
play) 

[0085] A method for manufacturing the liquid crystal 
display according to the exemplary embodiment is described 
below with reference to FIGS. 3 and 13 to 17. 

[0086] As shown in step SI of FIG. 13, the light-shielding 
film 11a; the first layer-insulating film 12, the semiconductor 
layer la, the channel region la\ the lightly doped source 
region lb, the lightly doped drain region Ic, the heavily 
doped source region Id, the heavily doped source region le, 
the storage capacitor electrode 1/, the scanning line 3a, the 
capacitor line 3b, the second layer-insulating film 4, the data 
line 6a, the third layer- insulating film 7, the contact hole 8, 
the pixel electrode 9, and the alignment layer 40 are formed 
on the lower substrate body lOA made of glass or the like to 
form the lower substrate (TFT array substrate) 10. Also on 
the upper substrate body 20A, the light-shielding film 23, the 
opposed common electrode 21, and the alignment layer 60 
are formed to form the upper substrate (opposed substrate) 
20. 



im piim mjm mnn 



us 2004/0095545 Al 



7 



May 20, 2004 



[0087] In step S2 of FIG. 13, a predetermined amount of 
liquid crystal corresponding to the cell thickness of the 
liquid crystal device is dropped on the lower substrate (TFT 
array substrate) 10. Subsequently, in step S3 of FIG. 13, the 
seal member 93 is printed on the upper substrate 20 and, in 
step S4, the spacers 15 are arranged on the upper substrate 
20 with an ink-jet unit. In this case, the seal member 93 is 
formed in a closed frame shape having no liquid crystal 
inlet, as shown in FIG. 4. As described above, the density of 
the spacers 15 in a spacer dispersion liquid to be prepared in 
the ink-jet unit is controlled so that there are the spacers 15 
with a density of 50 to 300/mm^ and an average of 0.2 to 3 
per droplet. 

[0088] The conditions for the ink-jet unit must be set so as 
to drop the droplets 17 al a spacing larger than the diameter 
of the droplet 17 which expands on the upper substrate 20 
when dropped thereon. The spacers 15 can be arranged in 
fixed points by the ink-jet method in such a way that the 
droplets 17 containing the spacers 15 are dropped properly 
in certain positions on the substrate from the head of the 
ink-jet unit and, the solvent is evaporated gradually from the 
periphery of the droplets 17 after the droplets 17 have been 
dropped to decrease the center of the droplet 17 in size, so 
that the spacers 15 are concentrated to the center, and thus 
the spacers 15 are arranged near the center of the droplet 17. 
Accordingly, it is important that the droplets 17 dropped on 
the substrate are separated from one another Therefore, it is 
desirable to drop the droplets 17 with a spacing larger than 
the diameter of each droplet 17 when dropped on the 
substrate. If the droplets 17 are dropped with a spacing 
smaller than the diameter of the droplets 17 so that adjacent 
droplets 17 are connected with one another, as shown in 
FIG. 15A, each of the spacers 15 is not always positioned 
at the center of the droplet 17 when the solvent has been 
evaporated, so that some spacers 15 may be arranged in the 
pixel region 19, as shown in FIG- 15B. 

[0089] FIGS. 16 and 17 show an example of the structure 
of a head 26 of the ink-jet unit used here. The ink-jet head 
26 includes a nozzle plate 31 made of stainless steel or the 
like and a diaphragm 32, which are joined together through 
a partition member (reservoir plate) 33, as shown in FIG. 
16. Between the nozzle plate 31 and the diaphragm 32, a 
plurality of spaces 34 and a fluid reservoir 35 are formed 
with the partition member 33. The spaces 34 and the fluid 
reservoir 35 are filled with a spacer dispersion liquid and are 
communicated with one another through a supply port 36. 
The nozzle plate 31 has nozzle holes 37 to emit a jet of the 
spacer dispersion liquid from the spaces 34. On the other 
band, the diaphragm 32 has a hole 38 to supply the spacer 
dispersion liquid to the fluid reservoir 35. 

[0090] As FIG. 17 shows, the surface of the diaphragm 32 
opposite to the surface facing the spaces 34 has a piezo- 
electric element 39 joined thereto. The piezoelectric element 
39 is located between a pair of electrodes 41 and is deflected 
toward the exterior when energized, and at the same time, 
the diaphragm 32 to which the piezoelectric element 39 is 
joined is also deflected together to the exterior. This 
increases the capacity of the spaces 34. Accordingly, the 
spacer dispersion liquid corresponding to the increased 
capacity flows firom the fluid reservoir 35 into the spaces 34 
through the supply port 36. When the energization to the 
piezoelectric element 39 is then canceUed, both of the 
piezoelectric element 39 and the diaphragm 32 return to the 



original shape. This also returns the spaces 34 to its initial 
capacity, thus increasing the pressure of the spacer disper- 
sion liquid in the spaces 34, so that droplets 27 of the spacer 
dispersion liquid are discharged firom the nozzle holes 37 
toward the substrate. 

[0091] With this exemplary embodiment, as FIG. 18 
shows, the diameter R of each nozzle hole 37 is set to at least 
10/<m and at most 100 /im and to satisfy R>2r where r is the 
diameter of the spacer 15. This is because when the diameter 
R is smaller than 10 /<m, a specific amount of a spacer 
dispersion liquid 16 (viscosity: 1 to 30 mPas) containing the 
spacers 15 cannot be discharged stably, causing variation in 
the amount of dropping itself and also the average number 
of spacers per dropped point. On the other hand, when the 
diameter R is larger than 100 //m, the droplets do not t>ecome 
complete circles but become a shape with a tail. The unstable 
shape increases the probability that the spacers 15 are not 
arranged in desired positions. When the diameter R is 
smaller than double the diameter r of the spacer 15, the 
probability that the spacers 15 clog the nozzle holes 37 
increases to increase the variation in the number of the 
spacers 15 arranged in fixed points. 

[0092] Although the exemplary embodiment has one 
piezoelectric element 39 and one space 34 for each nozzle, 
also it is expected that a head of the ink-jet unit having a 
plurality of nozzles for one piezoelectric element may offer 
the similar effects. 

[0093] In step 85 of FIG. 13, the lower substrate 10 and 
the upper substrate 20 are bonded together and an optical 
film, such as a retardation film or a polarizer (not shown), is 
bonded to the outside of the lower substrate 10 and the upper 
substrate 20, so that the liquid crystal device having the cell 
structure of FIG. 3 is made. 

[0094] On the other hand, another example of the method 
for manufacturing the liquid crystal device of the aforesaid 
exemplary embodiment includes the following process 
shown in FIG. 14. As in step Sll of FIG. 14, the alignment 
layer 40 and so on are formed on the lower substrate body 
lOA made of glass or the like to form the lower substrate 
(TFT array substrate) 10, in a manner similar to step SI of 
FIG. 13. Also on the upper substrate body 20A, the align- 
ment layer 60 and so on are formed to make the upper 
substrate (opposed substrate) 20. 

[0095] In step 12 of FIG. 14, the closed -frame -shaped seal 
member 93 having no liquid crystal inlet is printed on the 
lower substrate (TFT array substrate) 10, as in the above. In 
step S13 of FIG. 14, a fixed amount of fiquid crystal is then 
dropped inside the closed-frame -shaped seal member 93. 
Subsequently, in step SI 4 of FIG. 14, the spacers 15 are 
arranged on the upper substrate 20 with the ink-jet unit. Also 
in this case, the density of the spacers 15 in a spacer 
dispersion liquid to be prepared in the ink-jet unit is con- 
trolled so that there are the spacers 15 with a density of 50 
to 300/mm^ and an average of 0.2 to 3 per droplet. 

[0096] In step S15 of FIG. 14, the lower substrate 10 and 
the upper substrate 20 are bonded together and an optical 
film, such as a retardation film or a polarizer, is bonded to the 
outside of the lower substrate 10 and the upper substrate 20, 
so that the liquid crystal device having the cell structure of 
FIG. 3 is made. 
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[0097] (Exemplary Electronic Device) 

[0098] A specific example of an electronic device 
equipped wiih the liquid crystal device according to the 
exemplary embodiment is described below. 

[0099] FIG. 19A is a perspective view of an example of 
a cellular phone. In FIG. I9A, numeral 500 denotes a 
cellular phone body and numeral 501 indicates a liquid 
crystal display section having the liquid crystal device 
according to the exemplary embodiment. 

[0100] FIG. 19B is a perspective view of an example of a 
portable information processor, such as a word processor or 
a personal computer, for example. In FIG. 19B, numeral 600 
denotes an information processor, numeral 601 indicates an 
input section, such as a keyboard, numeral 603 indicates an 
information processor body, and numeral 602 designates a 
liquid crystal display section having the liquid crystal device 
according to the exemplary embodiment. 

[0101] FIG. 19C is a perspective view of an example a 
wristwatch electronic device. In FIG. 19C, numeral 700 
denotes a watch body and numeral 701 indicates a liquid 
crystal display section having the liquid crystal device 
according to the exemplary embodiment. 

[0102] Since the electronic devices shown in FIGS. 19A 
to 19C include one of the liquid crystal devices according to 
the exemplary embodiments, they have a display section 
with an excellent display quality. 

[0103] The scope of the technique of the invention is not 
limited to the aforesaid exemplary embodiment and various 
modifications may be made in the invention without depart- 
ing from the scope of the invention. For example, although 
the exemplary embodiment takes an example of a manufac- 
turing method in which a closed seal member having no 
liquid crystal inlet is provided, and after a liquid crystal has 
been dropped on one substrate, the other substrate is bonded 
thereto. In place of the structure, a method may be adopted 
in which a partly opened seal member having a liquid crystal 
inlet is provided, and after two substrates have been bonded 
together, a liquid crystal is injected by a vacuum injection 
method. Although the exemplary embodiment takes an 
active matrix transmissive liquid crystal device that uses a 
TFT element as an example of a liquid crystal device to be 
manufactured, it is to be imderstood that the invention is not 
limited to that and is obviously applied to various liquid 
crystal devices. 

EXAMPLE 1 

[0104] The inventors evaluated the characteristics of the 
liquid crystal device according to the invention. The evalu- 
ations are as follows: 

[0105] A liquid crystal cell with a substrate of 400 
mmxSOO mm in size, substrate spacing of 6 //m, and 
different density of spacers was produced actually by the 
method of arranging spacers with the ink-jet unit, described 
in the above exemplary embodiment, and the evenness of 
substrate spacing and the presence of occurrence of cold 
bubbles were evaluated. The spacers were controlled so that 
an average number of spacers per droplet is two and the 
density of the spacers was varied to six variations of 10, 50, 
100, 150, 300, and 400/mm^. The evaluations are shown in 
Table 1. 



[0106] In Table 1, for "the evenness of substrate spacing," 
mark O indicates one that exhibited no uneven display due 
to uneven cell thickness and mark x indicates one that 
exhibited uneven display by visual check. For "the presence 
of occurrence of cold bubbles," mark O exhibited no 
occurrence of bubbles and mark x indicates one that exhib- 
ited occurrence of bubbles by visual check. 



TABLE 1 


Density of Spaceis 


Evenness of Substrate 


Occurrence of Cold 




Spacing 


Bubbles 


10 


X 


O 


50 


O 


O 


100 


O 


O 


150 


o 


O 


300 


o 


O 


400 


o 


X 



[0107] As clearly shown in Table 1, ones with a spacer 
density of 10/mm^ caused uneven cell thickness and ones 
with a spacer density of 4O0/mra^ caused cold bubbles, both 
of them were inferior in quality. On the other hand, we have 
observed that setting the density of the spacers within the 
range of 50 to 300/mm^ will generate no uneven display due 
to uneven cell thickness, thus providing a liquid crystal cell 
that exhibits no occurrence of cold bubbles and is superior 
in display quality. The inventors have already confirmed that 
setting the density of the spacers within the range of 50 to 
300/mm^ can reduce the occurrence of display failure even 
by the related art spacer dispersing method without the 
ink -jet unit, which agrees also with the result of this experi- 
ment. 

EXAMPLE 2 

[0108] A liquid crystal cell with an average number of 
spacers per droplet different from that of Example 1 was 
actually produced using the liquid crystal cell as in Example 
1, with the density of the spacers limited within the range of 
50 to 300/mm^, wherein the presence of deterioration in 
display quality due to uneven cell thickness and the presence 
of deterioration in display quality owing to light leakage due 
to a spacer aggregate and uneven cell thickness were evalu- 
ated. The average number of spacers per droplet was varied 
to seven variations of 0.08, 0.2, 0.5, 1, 3, 4, and 5. The 
results are shown in Table 2. 

[0109] In Table 2, for the presence of deterioration in 
display quality due to uneven cell thickness, mark O 
indicates one that exhibited no deterioration in display 
quahty due to uneven cell thickness because the number of 
spacers is too small, and mark x indicates one that exhibited 
uneven display by visual check. For the presence of dete- 
rioration in display quab'ty owing to light leakage due to a 
spacer aggregate and uneven cell thickness, mark O indi- 
cates one that exhibited no deterioration in display quality 
owing to light leakage due to a spacer aggregate and uneven 
cell thickness, and mark x indicates one that exhibited 
deterioration in display quality by visual check. It can be 
determined whether the number of spacers is too small or 
large because when too few spacers exist, hazy imevenness 
is viewed and when too many spacers exist, liuninous-dot- 
like light leakage due to aggregation of spacers is viewed. 
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TABLE 2 



Average Number 


Detertorattoo in 


Deterioration in Display Quality 


of 


Display Oualiiy Due 


Owing lo Ughi Leakage Due to 


Spacers per 


lo Uneven Cell 


Spacer Aggregate and Uneven 


Droplet 


Thickness 


Cell Thickness 


0.08 


X 


O 


0.2 


o 


O 


0.5 


o 


O 


1 


o 


O 


3 


o 


O 


4 


o 


X 


5 


o 


X 



[0110] As clearly shown in Table 2, even when the average 
number of spacers per droplet is 0.08, among all points al 
which droplets were dropped by the ink-jet unit, the number 
of points that have no spacers is in excess of ninety percent, 
even if the condition of density of 50 to 300/mm^ is satisfied. 
Such points are too large in number, thus resulting in 
deviation of the arrangement of spacers lo cause uneven cell 
thickness. When the average Dumber of spacers per droplet 
becomes larger than three, a giant spacer aggregate may 
increase in number to cause deterioration in display quality 
due to light leakage which may be apparently caused by the 
spacer aggregate and uneven cell thickness. 

[0111] Table 3 shows the density of spacers (in the col- 
umn) determined by the droplet spacing when a spacer 
dispersion liquid is dropped by the ink-jet unit (the vertical 
axis of the table,* or the area on the substrate that has one 
droplet) and the average number of spacers per droplet (the 
horizontal axis of the table). For example, 40x40 in the 
vertical axis of Table 3 indicates that the droplet spacing in 
the X-axis scanning direction of the ink-jet unit is 40 /4m and 
the droplet spacing in the Y-axis scanning direction is 40 ^m. 
Setting to the combination of the droplet spacing and the 
average number of spacers per droplet within the range 
surrounded by a bold line in Table 3 will achieve the 
arrangement of spacers in the liquid crystal device according 
to the invention. 

TABLE 3 



Droplet 



Spacing 






Average Number 


of Space IS 






(fim) 


0.08 


0.2 


0.5 


1 


3 


4 


5 


40 X 40 


50 


325 


313 


625 


1875 


2500 


3125 


50 X 50 


32 


80 


200 


400 


1200 


1600 


2000 


60 X 60 


22 


56 


139 


278 


833 


1112 


3390 


90 X 60 


15 


37 


93 


185 


556 


740 


925 


100 X 80 


10 


25 


63 


125 


375 


500 


625 


100 X 100 


8 


20 


50 


100 


300 


400 


500 


120 X 100 


7 


17 


42 


83 


250 


332 


415 



EXAMPLE 3 

[0112] A liquid crystal cell with the diameter of a droplet 
dischaige nozzle of the ink-jet unit different from that of 
Examples 1 and 2 was actually produced using the liquid 
crystal cell as in Examples 1 and 2, with the density of the 
spacers limited within 50 to 300/mm^, the average number 
of spacers per droplet lo two, and the diameter of spacers to 
4 /on, where three items of the stability of the average 



number of spacers per point, the stability of the shape of 
droplets, and the stability of fluid volume per droplet were 

evaluated. The diameter of the nozzle's opening was varied 
lo five variations of 6, 10, 30, 100, and 150 //m. The results 
are shown in Table 4. 

[0113] In Table 4, for the stability of the average number 
of spacers per point, mark x indicates one that exhibited no 
stability at all and large variations in the number of spacers, 
mark A indicates one with slight variations in the number of 
spacers, and mark O indicates one that exhibits suflScient 
stability in the number of spacers by visual check. For the 
stability of the shape of droplets, mark x indicates one that 
exhibited a droplet with a tail in unstable shape, and mark O 
indicates one that provided a circle droplet with stability by 
visual check. For the stability of fluid volume per droplet, 
mark x indicates one that exhibited no stability of fluid 
volume at all due to clogging of the nozzles by visual check, 
and mark A indicates one that exhibited slight variation in 
fluid volume, and mark O indicates one with sufficiently 
stable fluid volume. 



TABLE 4 





Diameter of Nozzle (mri) 




6 10 30 100 150 


Stability of Average Nuinl)er of Spacers per 


X O O A A 


point 




Stabilily of Shape of Droplet 


O O O O X 


Stability of Fluid Vbliune per Droplet 


X O O A A 



[0114] As clearly shown in Table 4, when the diameter of 
the nozzle's opening was set lo 6 ^m, the nozzle was clogged 
with the spacer of 4 /im in diameter, so that both of the fluid 
volume and the number of spacers were unstable. On the 
other hand, when the diameter of the nozzle's opening was 
set to 150 //m, the fluid volume itself was increased. Accord- 
ingly, both the fluid volume and the number of spacers were 
slightly unstable and many droplets had a shape with a tail, 
which were not stable at all. On the other hand, with the 
diameter of the nozzle's opening within the range of 10 to 
100 /on, the three items of the liquid volume, the number of 
spacers, and the shape of droplets were almost stable. 
However, with the diameter of the nozzle's opening at 100 
//m, both the fluid volume and the number of spacers were 
slightly varied and with the diameter of the nozzle's opening 
at 10 /em and 30 pun, they were completely stable. 

[0115] In summary, the results of Examples 1 and 2 show 
that both the display failure due to too few spacers and the 
display failure due to too many spacers can be reduced and 
in order to maintain a good display quality, it is preferable 
to set the density of the spacers from 50 lo 300/mm^ and to 
set the average number of spacers per droplet from 0.2 to 3. 
Furthermore, the result of Example 3 shows that in order to 
realize the arrangement of the spacers with stability, it is 
preferable to set the diameter of the nozzle's opening of the 
ink -jet unit to be used within the range of 10 lo 100 fdm 
(more preferably, 10 to 30 /<m). 

What is claimed is: 

1. A liquid crystal device, comprising: 

a seal member; 

spacers; 
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a pair of substrates opposed to each other through the seal 
member defining a sealed space; and 

a liquid crystal, the liquid crystal and the spacers being 
contained in the sealed space enclosed with the pair of 
substrates and the seal member; 

the spacers being placed on at least a part of intersection 
points of a plurality of first parallel phantom lines 
extending in a first direction and a plurality of second 
parallel phantom Lines extending in a second direction 
different firom the first direction with the spacers 
arranged separately, in aggregation, or in mixture 
thereof; and 

the density of spacers being from 50 to 300/mm^, and an 
average number of spacers on all the intersection points 
being from 0.2 to 3. 

2. The liquid crystal device according to claim 1, the 
spacers being placed in a non -pixel region. 

3. The liquid crystal device according to claim 2, further 
comprising: 

a light-shielding layer corresponding to the non-pixel 
region. 

4. The liquid crystal device according to claim 1, the 
spacers being colored. 

5. The liquid crystal device according to claim 1, the 
surfaces of the spacers being subjected to a process of 
controlling the orientation of the liquid crystal. 

6. The liquid crystal device according to claim 1, the 
surfaces of the spacers including a bonding layer to bond the 
spacers themselves onto the substrates. 

7. A method for manufacturing a liquid crystal device in 
which a pair of substrates is opposed to each other through 
a seal member and a liquid crystal and spacers are contained 
in a sealed space enclosed with the pair of substrates and the 
seal member, the method comprising: 

dropping a spacer dispersion liquid having the spacers 
dispersed in a predetermined solvent in certain posi- 
tions on one of the pair of substrates with a droplet 
discharge unit; and 

placing the spacers by evaporating the solvent in droplets 
dropped on the substrate so as to arrange the spacers on 
at least a part of the intersection points of a plurality of 
first parallel phantom lines extending in a first direction 
and a plurality of second parallel phantom lines extend- 
ing in a second direction different from the first direc- 



tion, with the spacers arranged separately, in aggrega- 
tion, or in mixture thereof, the density of spacers being 
from 50 to 300/mm", and an average number of spacers 
on all the intersection points being from 0.2 to 3. 

8. The method for manufacturing the liquid crystal device 
according to claim 7, 

the first direction in which the first phantom lines extend 
being the direction of arrangement of a plurality of 
droplet discharge nozzles of the droplet discharge unit; 
and 

the second direction in which the second phantom lines 
extend being the scanning direction of the plurality of 
droplet discharge nozzles of the droplet discharge unit. 

9. The method for raanufacUiring the liquid crystal device 
according to claim 7, the diameter of the droplet discharge 
nozzles of the droplet discharge unit being al least 10/m and 
at most 100 //ra. 

10. The method for manufacturing the liquid crystal 
device according to claim 9, the diameter of the droplet 
discharge nozzle's opening being at least 10 ^tm and at most 
30 f^m, 

11. The method for manufacturing the liquid crystal 
device according to claim 7, the diameter of the droplet 
discharge nozzle's opening being at least twice as large as 
that of the spacers. 

12. The method for manufacturing the liquid crystal 
device according to claim 7, the method further comprising: 

forming a closed-frame-shaped seal member in the region 
in the surface of one of the pair of substrates; 

dropping the liquid crystal in the region enclosed with the 
seal member on the substrate having the seal member; 
and 

bonding the substrate having the seal member and the 
other substrate. 

13. The method for manufacturing the liquid crystal 
device according to claim 7, the dropping of the spacer 
dispersion liquid on the substrate including dropping the 
droplet at a spacing larger than the diameter of the droplet 
dropped on the substrate. 

14. An electronic device, comprising: 

the liquid crystal device according to claim 1. 
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